We developed a method for simultaneously measuring steroid hormones in very small volumesof serum, using a combination of high-performance liquid chromatography (HPLG) and radioimmunoassay (RIA). By this method, aldosterone, cortisol, 11-deoxycortisol, estrone, estradiol, androstenedione, dehydroepiandrosterone, deoxycorticosterone, 17-hydroxyprogesterone, testosterone, pregnenolone, and progesterone could be determined in a single 100-jL aliquot of serum from normal adults and patients with Gushing's syndrome. The steroid profile associated with Gushing's syndrome caused by adrenal adenoma was quite distinct from that associated with the syndrome caused by adrenal hyperplasia. Serum concentrations of androstenedione, dehydroepiandrosterone, estrone, estradiol, 17-hydroxyprogesterone, pregnenolone, and testosterone were significantly higher in patients with adrenal hyperplasia than in those with an adenoma. We comparedthe results of this HPLC/AlA method with those of 125$ AlAs. The use of a HPLC/R1A system to obtain an accurate and sensitive profile of a range of serum steroids, as described here, obviates the need for large volumes of blood. cross-reaction with other steroids is a major drawback to these methods. We therefore developed a method for simultaneously quantifying steroid hormones in small amounts of blood. This method combined high-performance liquid chromatography (HPLC) and RIA, obviating the use of large volumes of blood and markedly reducing interference caused by use of lowspecificity anti-steroid antibodies. Here, we describe the use of this simple, reproducible HPLC/R[A system for the biochemical diagnosis of two common etiologies of Gushing's syndrome.
, and fluoroimmunoassay (10,
11)-are readily available
for the determination of steroid hormones. However, simultaneous measurement of various steroid hormones by established immunoassay techniques often requires relatively large volumes of blood. Furthermore, cross-reaction with other steroids is a major drawback to these methods. We therefore developed a method for simultaneously quantifying steroid hormones in small amounts of blood. This method combined high-performance liquid chromatography (HPLC) and RIA, obviating the use of large volumes of blood and markedly reducing interference caused by use of lowspecificity anti-steroid antibodies. Here, we describe the use of this simple, reproducible HPLC/R[A system for the biochemical diagnosis of two common etiologies of Gushing's syndrome.
Materials and Methods

Materials
Samples. Blood (17) , deoxyoorticostemne-3-carboxymethyloxime-BSA (18), testhsterone-3-carboxymethyloxune--BSA (19), and pregnenolone-3-hemisuccinate--BSA (20) . Antisera for 17 50#{176}C; mobile phase, gradient elution of methanol (in water) from 400 to 500 mLIL between 0 and 6 min, isocratic elution with methanol at 550 mLIL between 6 and 30 mm, and a gradient elution with methanol from 550 to 800 milL between 30 and 55 mm (21). We used a flow rate of 1.0 mL/min and set the ultraviolet detector at 240 and 210 nm.
Procedures
Add 500 pL of distilled water, internal standard (1 g of 3,7-dimethoxyflavone in 100 p.L of ethanol), and 8 mL of diethyl ether to 100 L of serum. Shake to mix, and centrifuge for 5 mm at 4#{176}C and 1000 x g. Freeze the aqueous layer with acetone-solid C02, so that the ether layer can be transferred into another tube and dried by mixing with anhydrous sodium sulfate. Evaporate the ether layer under a stream of nitrogen. Redissolve the residue in 100 L of 400 mL/L methanol solution, and inject 50-cL aliquots into the HPLC column.
To assess extraction efficiency, add tritium-labeled steroids to a serum sample before extraction by ether.
After evaporating the ether layer as described above, calculate the percentage of recovery of steroids by counting the radioactivity of the residue. In our hands, the recovery of tritium-labeled steroids after ether extraction was between 90% and 98%.
After adding the tritium-labeled steroids, separate the ether extracts of serum by HPLC, and collect each steroid fraction. Evaporate the fractions and calculate the percentage of recovery of steroids taken through all procedures by counting the radioactivity of each residue. In our hands, the recovery of all steroids was between 82% and 94%.
In the HPLC system, we first determined the retention times of the standard steroids (Aid, F, S, E1, E2, i4A, DHEA, DOC, 17-OHP, T, Preg, and P) and programmed the fraction collector for these times. After the fractions containing the steroid hormones were collected, the fractions were evaporated at 40#{176}C in a centrifugal concentrator and used for RIA. (500 mg of dextran T70 and 500 mg of charcoal in 100 mL of isotonic saline, stored at 4#{176}C), briefly vortex-mixed, incubated at 4#{176}C for 15 mm, and centrifuged for 15 mm at 4#{176}C and -1000 X g. The supernate was transferred into a counting vial, mixed with 6 mL of the aqueous scintillator, and the radioactivity was measured. Intraand interassay coefficients of variation were between 2% and 10% in all assays.
To compare this HPLC/RIA method with a conventional RIA without HPLC, we used commercial kits of iodinated (I) RIAs, obtained from Diagnostic Products Co. (Tokyo, Japan) and Baxter (Tokyo, Japan).
Statistical analysis consisted of the Wilcoxon ranksum test.
Results
Separation of steroids in this HPLC system is shown in Figure 1 . All steroids separated clearly. Reproducibility of retention times of steroids in this HPLC system is shown in Table 1 . Coefficients of variation ranged from 0.09 to 0.32%, indicating accurate fractionation of each steroid by this system. RIA standard curves for steroids were constructed by using as samples standard steroids that were extracted with ether and separated by HPLC. Standard curves were constructed by log-logit transformation. Table 2 summarizes reproducibility of determining each steroid in 100 L of serum from normal men. Eight different assays were performed, and yielded coefficients of variation between 2.6% and 16.1%. Thus this method reproducibly determined at least 12 steroid hormones from only 100 iL of serum. Steroid hormones were quantified in 100 pL of serum from normal adults (10 men and eight women) ( Table 3) . The results were consistent with concentrations previously reported (13, 14, 18, 22-29) .
In patients with Cushing's syndrome caused by adrenal adenoma or between the HPLCIRIA method and the 125! RIA withhyperplasia, steroid hormones were quantitatively anaout HPLC. lyzed from 100 L of serum before treatment (Table 4) . In all cases, the concentration of F was significantly Discussion above normal. In patients with hyperplasia, concentraTwo methods, namely, isocratic elution and gradient tions of S, E1, E2, 17-OHP, I4A, DHEA, and Preg were elution, are usually performed to analyze steroids by significantly higher than those in normal adults (P < HPLC. The gradient-elution method is more effective for 0.025 for Preg, P < 0.005 for others). T was increased analyzing samples that contain many constituents, such significantly (P < 0.005) in women who had hyperplaas biological samples. Therefore, we constructed an sia. In patients with adenoma, concentrations of DHEA HPLC system that included the gradient programmer and 4A were significantly lower than those in normal developed by Hayashi et al. (21) . adults (P < 0.005), and S concentrations were signifiUltraviolet detection (30) (31) (32) (33) and fluorescence deteccantly higher (P < 0.005). Preg, 17-OHP, DHEA, L4A, tion (34) (35) (36) are usually part of HPLC analyses for T, E1, and E2 concentrations in patients with hyperplasteroid hormones. However, the limit of a quantitative sia were significantly higher than those in patients with determination of these methods is thought to be 0.5-1 adenoma (P < 0.005). Results of the iodinated RIAs are ng; therefore, except for abnormal samples, most of the shown in Table 5 . The correlation was good (r = 0.97) steroids in a small amount of serum cannot be detected 'Same subjects as in Table 4 .
Results for the male subject (no.8) not included. We are grateful to Dr. G. P. Chrousos (National Institutes of Health, Bethesda, MD) for supplying us with steroid antibodies.
